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ABSTRACT
This study investigated the viability of bioremediating rubber cryogrind using enriched
indigenous bacteria. To begin the experiment, soils from three highway roadside locations in
Kansas, KS 96 and West, KS 400 and 143rd, and 199th, were collected and transported to the lab
to be studied. An initial soil characterization was run on the soil samples using distilled (DI)
water mixture and 0.01 M CaCl2 to assess conductivity. The soils were tested to gather a baseline
of the relationship between pH and conductivity and the impact of its distance from the roadside.
Bacteria were isolated from the soils, mixed with rubber cryogrind, and put into a nutrient mix
consisting of 2 g/L of (NH4)2SO4 (Ammonium Sulfate) and 200 mg/L of KH2PO4
(Monopotassium Phosphate) with the cryogrind as the carbon source. Five different cryogrind
types were used in the experiment. Cryogrinds tested included TIP cryogrind (donated by the
Tire Industry group), truck SBR (styrene-butadiene rubber) cryogrind, truck NR (natural rubber)
cryogrind, Passenger tire CB (carbon black filler) cryogrind, and passenger tire Silica (silica
filler) cryogrind. Over six weeks the solution pH decreased, indicating possible degradation.
Along with this, optical density fluctuated throughout the six weeks, indicating that the cells in
the samples were experiencing normal cycles of growth and death. At the end of the experiment,
the microbial activity was assessed by Most Probable Number (MPN) method and changes to
cryogrind evaluated by FTIR analysis. MPN indicated that viable cultures were still present.
FTIR showed the occurrence of N-H bond bending (Truck tire-NR and passenger tire-CB),
disappearance of double bonds (truck tire-NR), and generation of carboxylic acid peaks (Truck
tire-NR and passenger tire-CB). These results indicate that those samples successfully
experienced degradation from the bacteria.
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INTRODUCTION
Each day hundreds of millions of people all around the world drive cars, buses, trucks,
motorcycles, and countless other vehicles to get to their destinations in a timely manner. These
vehicles make life much easier but come with many downsides such as air pollution and fossil
fuel consumption. One form of pollution that might not be as obvious to detect is the movement
and deposition of Tire and Road Wear Particles (TRWP). TRWP are extremely small fragments
of the tire that fall or rip off due to the rolling shear of tread against the surface of the road
(Wagner et al., 2018). This commonly occurs during breaking at stops or curves on highway
interchanges. Every single car uses wheels made from a rubber compound, with most of the tires,
about 60-85%, being a mix of butadiene rubber and styrene rubber (Wagner et al., 2018). With
the massive number of vehicles that are out on the road every day, these particles can accumulate
extremely quickly, even though it seems like each car would not be depositing that much TRWP.
The reason that TRWP is a problem is due to it containing microplastics, heavy metals, and
vulcanizing agents (cause crosslinking during tire formation) which easily find ways through
soils to the nearest storm drain and then ends up in the oceans and rivers nearby. Microplastics
include polyethylene, polypropylene, and polystyrene particles along with any type of plastic
debris that results from fragmentation (Akdogan and Guven, 2019). TRWP (i.e., TWP, tire wear
particles embedded with road debris) falls directly into this category, and thus need to be studied
and dealt with as importantly as any other large type of microplastic producer.
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A previous study on tire and road wear particles by Beate Baensch-Baltruschat and
colleagues that worked for the German Federal Institute of Hydrology, found that 66-76% of
TRWP settled near road banks and close by roads, and that about 12-20% of all particles found
ways to surface water (Baensch et al., 2020). Having tire road wear microplastic material on the
sides of roads and streets is not ideal. However, having a relatively large portion make its way to
open surface waters, thereby contaminating possible freshwater sources, is an even bigger threat.
A study done on the effect of tire and road wear particles on the Seine watershed in
France yielded interesting results. It estimated that the generation rate of TRWP in Europe was 1
kg tread inhabitant^-1 yr^-1, and that the mass release estimated in the Seine watershed was 1.8 kg
inhabitant^-1 yr^-1 (Unice et al., 2018). This data shows how large the amounts of TRWP entering
water sources can be. Since these are just estimates based off smaller studies, the numbers are
likely much higher. This further highlights the dire importance needed to find an effective way to
not only treat these particles, but also finding an effective way to study and pinpoint high
concentration pathways of the particles.
Although many researchers have known about this type of issue for many years; it is very
difficult to obtain accurate data on TRWP in the environment. There is no consistent or easily
viable method to get an accurate read on how many particles are entering the water system and
how many are being deposited when there are thousands of miles of road systems and countless
possible surface water entry points. Baensch et al. (2019) stated that concentrations of TRWP
were highly variable in road runoff, road dust, roadside soils, river sediments, and river water.
The authors also indicated that more development in the analytical methods for environmental
matrices, long period monitoring, fate in surface waters and soils, and degradation under realistic
conditions would need to be made. This statement shows how little the research community
5

understands the true impact of TRWP on the environmental system or how much are being
transported in a large-scale picture. It highlights the importance of finding viable, cheap, and
accurate ways to study these particles, which must be done sooner rather than later with the
increases in traffic and population that the world is seeing.

Objectives and Approach

This study aims to aid in gathering average data for the TRWP released and aims to
investigate a viable solution in treating the particles and degrading them faster than natural
processes currently allow. This will be done by completing two main objectives. First, a general
soil characterization of the soils used for the study will be conducted. Second, a biodegradation
experiment using bacteria isolated from the soil to degrade five tire tread cryogrinds comprised
of common and known recipe and cryogrind of unknown recipe was done. The first objective of
the experiment will use soil samples from various road intersections in Kansas and will have
three different offset distances from the road. Collecting from three different distances from the
berm will allow for the hypothesis that there will be lower effects from tire particles the farther
the distance from the road becomes. These samples will be mixed with both distilled water and a
0.01 M CaCl2 mixture and tested for pH and conductivity. It is hypothesized that the pH and
conductivity will reflect changes in the offset distances, allowing a relationship between both pH
and conductivity and the concentration of TRWP in the samples to be made. Each soil will be
tested in triplicates so that an average will be able to be taken, and will put into table and
graphical format so that relationships can be seen more easily
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The second portion of the experiment will consist of using bacteria isolated from Kansas
soils to try and degrade cryogrind of different types of rubber. pH and conductivity of the
samples will be tested each week along with testing optical density using the absorbance mode
on a Spectrometer. A growth curve will be produced based on the results from the spectrometer
and after all this has been tested, a plate count will be done on the samples to see if any
substantial growth has taken place. The hypothesis is that the optical density, absorbance values,
will increase as the bacteria reproduce and create more cloudiness in the vials. The cloudier the
mixture, the larger the number of bacteria, and the higher the absorbance values will be which
will allow for a trend to be shown. The hopeful outcome is that the bacteria will be able to
biodegrade some of the cryogrind.

MATERIALS AND METHODS

Soil Source and Characterization
As stated previously, the experiment was split into two main portions, the Soil
Characterization, and the Degradation of Cryogrinds in Slurry. The following materials were
used for the soil characterization part of the experiment: pH meter (FisherBrand benchtop),
conductivity meter (Mettler Toledo), distilled water, 0.01 M CaCl2 mixture, glass beakers and
graduated cylinders, scale, stirring bars, stirring hotplates, and nine total soil samples from
Kansas.
Sample Collection

The soil samples that will be tested will consist of samples collected from KS 400 and
143rd St. southeast side (0-foot, 3-5-foot, and 15-foot offsets), KS 400 and West 199th St. west
7

side (0-foot, 3-5-foot, and 15-foot offsets), and finally KS 96 and West St. west side (0-foot, 3-5foot, and 15-foot offsets). Samples were collected by Dr. Pugh and delivered by car to The
University of Akron. This results in there being nine total soil sampling locations, allowing for a
good range of data to be collected.

Soil pH and Conductivity
Triplicate samples were taken for each bag of soil collected from each road location and
distance. For each test, one gram of soil was mixed with 10 mL of solution and mixed for 15
minutes using a magnetic stirrer. After mixing, the solution was allowed to settle for 10 minutes
before using meters to measure the pH conductivity. This approach was repeated for solutions of
distilled water (DI) and 0.01 M CaCl2.
After this process was completed, there were triplicate value data points for all samples
and distance from the berm. This data was then put into excel in a table format and the average
and standard deviation formulas were used to find the average and standard deviation for both
pH and conductivity.

Biodegradation Experiments

After the soil characterization process was completed, the next step was to start on the
primary portion of the experiment, the biodegradation tests of the cryogrind. The materials used
in this portion of the experiment included: pH meter, conductivity meter, spectrometer (Thermo
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brand), distilled water, glass beakers and graduated cylinders, scale, nutrient solution consisting
of 2 g/L of (NH4)2SO4 (Ammonium Sulfate) and 200 mg/L of KH2PO4 (Monopotassium
Phosphate), glass tubes, glass vials, TIP cryogrind (donated by the Tire Industry group), truck
SBR (styrene-butadiene rubber) cryogrind, truck NR (natural rubber) cryogrind, Passenger tire
CB (carbon black filler) cryogrind, and passenger tire Silica (silica filler) cryogrind. The truck
tire SBR, truck tire NR, passenger tire silica and CB cryogrinds were provided by the Goodyear
Tire and Rubber Company.

Bacteria Isolation and Enrichment
The first portion of the Biodegradation experiment was to isolate the bacteria from the
soil and acclimate it to small concentration of cyrogrind. This was done by taking the three 1gram samples of the 0-foot locations soils and mixing each of them in a respective flask with
peptone and glucose to get the bacteria to grow. The 0-foot locations were used as the samples
due to them having the highest probability to already be exposed to the same types of rubber due
to being close to the roadways and therefore would theoretically have the highest bacteria
population for degrading the TRWP. The samples were allowed to sit in this solution for one
week before 10 mL of bacterial inoculum was transferred to flasks with 150 mL of new
nutrients. In the first transfer, the bacteria were separated from the soil to isolate and cultivate
them. With the bacteria now isolated from the soil and in a nutrient solution, weekly successive
transfers were used to decrease the glucose. The content was decreased by 10% each week, for
ten weeks until the glucose amount in the mixture was effectively zero. While the glucose was
being decreased by 10% each week, additional TIP cryogrind was added in increments of 10 mg
each week during each transfer. This was done to acclimate the bacteria to higher amounts of the
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cryogrind as the Carbon source by removing the easily consumable glucose. On the tenth week,
the peptone, which contains carbon, was decreased (from 15 mg to 1.5 mg). This was to try to
further stimulate the bacteria to adapt to digesting the Carbon from the TIP and to stop relying
on the glucose and peptone.

Biodegradation Experiment
Once the bacteria were isolated and acclimated, the next step was to transfer each of the
sample nutrient mixtures to 150 mL flasks that would use a constant 12 mg of cryogrind as the
carbon source. Six flasks were used for each of the three 0-foot sample locations: Control (no
cryogrind), TIP, passenger Silica, passenger CB, Truck NR, and Truck SBR. Each set of flasks
were marked to identify if they were for the 0-foot KS 96 and W, 0-foot KS 400 and 199th, and
the 0-foot KS 400 and 143rd collection sites. To initiate the experiments, each flask received 65
mL of nutrient solution comprised of 65 mL DI water, 2 g/L of ammonium sulfate and 200 mg/L
of potassium phosphate monobasic, which gave a final Nitrogen-to-Phosphorous ratio of 10-to-1.
This ratio was kept at 10:1 to balance how much of each individual nutrient was in the mixture
so that there would not be excess nutrients in the solution. It was also kept this way so that the
Carbon source (cryogrind) would be in a much larger amount compared to the other two
nutrients, again encouraging the bacteria to use that as the food source. Next, 10 mL of the
isolated acclimated bacteria were added to the corresponding flasks to bring the final volume to
75 mL, and the 12 mg of respective cryogrind was added to each flask.
Once that was done, the weekly transfers of nutrients could begin. Each week 10 mL of
liquid containing no visible cryogrind particles would be removed from each flask and put into
separate vials for analysis. Then 10 mL of fresh nutrient mixture was added to keep the bacteria
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supplied with consistent food sources. The samples that were removed for the control and each
cryogrind were tested for pH, conductivity, and absorbance. As stated previously, the absorbance
was found so that the optical density could be used to approximate microbial activity. This was
done by plating the samples and comparing the MPN obtained from the counts at the end of
week 6. All data was recorded and input into excel to create graphs and compare findings. Once
this was done all vials were thoroughly cleaned to avoid cross-contamination and the larger
flasks were set back under the ventilation hood to avoid any possible spills or bumps to the
flasks. This process was repeated for six weeks, allowing the bacteria to grow undisturbed after
each week until the next transfer day. After the six weeks, the optical density readings were input
into a graph to create a growth curve and samples of each roadside location were plated using the
most probable number method (MPN) to determine the remaining microbial activity. Cryogrind
particles were collected for analysis by FTIR (Fourier-Transform Infrared) spectroscopy. FTIR
analysis was conducted by Jomin Thomas (graduate student in Polymer Engineering).

Most Probable Number Method
The plate count was conducted using the 0, 1, 3, and 5 dilution intervals for all 18
bacteria samples. The 0, 1, 3, and 5 dilutions were used to get the best range of data for the
possible growth of the bacteria. The 0-dilution used 0.5 mL of solution directly added to the
plate. A 10-1 dilution transferred 0.5 mL of the sample to 4.5 mL of diluent (made up of a 0.45%
saline water mixture) and gently mixed. Then one drop (~1 mL) of this mixture transferred to the
surface of the agar plate. 0.5 mL of the 10-1 dilution was transferred to 4.5 mL of fresh diluent to
yield 10-2. The process was repeated for each dilution level. The goal of the plate count was to
observe if there were any bacteria still alive in the samples, and if there was, how active they
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were. If the bacteria were alive and active, it would point towards the conclusion that the bacteria
were able to consume the carbon in the cryogrind, thus proving that some degradation did occur.
After all the samples were plated, they were allowed to sit for 24 hours, and then pictures were
taken of each plate for the colonies to be counted.

RESULTS AND DISCUSSION
Soil Characterization Results
The first couple of graphs shown below detail the pH comparison between DI water and 0.01
M CaCl2 for the various offset distances from the road. This comparison is made to establish a
trend between distance from the road and the pH level. This in turn may depict a trend between
pH and the amount of rubber present in the sample.
The pH data shows that, on average, the closer the sample was to the roadside, the higher
the pH was. The exception to this trend was samples for KS 96 and W, where pH was the highest
when it was the closest to the roadside. Figure 1 shows the pH comparison for KS 96 and W
using (a) DI water and (b) 0.01 M CaCl2.
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(a)

(b)

Figure 1 pH Comparison of KS 96 and W for (a) DI Water and (b) 0.01 M CaCl2.

The 0-feet location, closest to the berm, had a pH of 7.50±0.33 while the 15-feet location,
furthest from the berm, had a pH of 8.62±0.11 (Figure 1(a)). The same type of general trend can
be seen in the 0.01 M CaCl2 trial for the same location. This data trends towards the locations
further from the road having a higher pH, which was the opposite of the general trend found on
almost all other samples. Figure 2 (a) and (b), showing the pH comparison for KS 400 and 143rd
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using (a) DI water and (b) 0.01 M CaCl2, is a great example of the general trend that was
followed by most samples.

(a)

(b)

Figure 2 pH Comparison of KS 400 and 143rd for (a) DI Water and (b) 0.01 M CaCl2.

As shown in Figure 2 (a), that the 0-feet location recorded a pH of 8.61±0.12 while the
15-feet location recorded a pH of 8.40±0.12. This data shows a very clear trend that was
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followed by most of the samples, meaning that the connection could be made that the higher the
rubber content in soil, the larger the pH value. Like stated previously and shown above, Figure 1
(a) and (b), both from KS 96 and W locations, deviated from this trend. This was attributed to
changes associated with traffic (i.e., trash, previous deicing material, etc.) However, another
completely plausible explanation could be that the soil near that road was just drastically
different than the other two areas that were sampled. Either way, most of the data points towards
the pH being larger when it is closest to the roadside. This might indicate that the larger the
amount of rubber present in the soil is, which can be assumed due to it being closer to the road,
the higher the pH will be.
Figures 3 and 4 breakdown the offset distances for the same road locations for the
conductivity of the samples. On average, the closer to the road the sample was taken from, the
higher the conductivity. This is followed very closely by every single sample location except for
the conductivity of KS 400 and 143rd with DI water where the 15-foot offset was very slightly
larger than the 0-foot offset. Figure 3 shows the comparison of conductivity for KS 400 and 143rd
using (a) DI water and (b) 0.01 M CaCl2. Figure 3 (a) does not follow the general trend while
Figure 3 (b) does.
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(a)

(b)

Figure 3 Conductivity Comparison of KS 400 and 143rd for (a) DI Water and (b) 0.01 M CaCl2.

In Figure 3 (a), the conductivity at the 0-feet location was 94.20±23.20 µs/cm while the
conductivity at the 15-feet location was 110.17±25.49 µs/cm. As stated previously, this shows
the further location having a higher conductivity than the closer location to the berm, which was
16

the opposite trend that most of the samples followed. The cause of this could be just slight
machine error, mainly because every single other sample follows this trend very closely. Taking
standard deviations into account, even this sample could be considered close enough to following
the same trends as all the other samples and thus should be considered an outlier. Figure 4,
showing the comparison of conductivity for KS 400 and 199th using (a) DI water and (b) 0.01 M
CaCl2 mixture, is a great example of the primary trend that almost all the samples followed.
(a)

(b)
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Figure 4 Conductivity Comparison of KS 400 and 199th for (a) DI Water and (b) 0.01 M CaCl2.

In Figure 4 (b), it is seen that the 0-feet location has a conductivity of 2,146.67±54.37
µs/cm while the 15-feet location had a conductivity of 1,978.00±59.40 µs/cm. This trend shows a
very nice relationship of conductivity decreasing while moving farther from the berm, therefore
decreasing the rubber content in soil. Every sample besides the one discussed previously, Figure
3 (a), followed this trend rather closely. A higher conductivity closer to the road was anticipated
and attributed to residual salt content from winter deicing activities (Luczak et al., 2021).
Continuous deicing activities has also been shown to increase pH near roadways (MnDOT,
2020)

Degradation of Cryogrinds in Slurry Results
The degradation results were compiled and formed into graphs to exhibit the change of
each property (absorbance, pH, and conductivity), along the six weeks that the tests were run for.
All the graphs were compiled into the Appendix. Only one set of data was used for each sample
location instead of the triplicates that were done in the previous experiment. This was done in the
interest to save time, and because the single values can be looked at as an average for the entire
Kansas area, meaning that the data will still be viable and usable in this context.
The first set of graphs that were analyzed were the absorbance values. The absorbance
values for all samples over the weeks were sporadic, with the values jumping around and never
deviating too largely from the initial values taken the first week. A good example of this can be
seen in Figure 5 (a) and (b) and Figure 6 (a) and (b), which corresponds to the absorbance values
for KS 96 and W and KS 400 and 199th for all rubber cryogrind types.
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(a)

(b)

Figure 5 KS 96 and W Absorbance Values for (a) Control, Tip, and Passenger CB and (b)
Passenger Silica, Truck NR, and Truck SBR.
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(a)

(b)

Figure 6 KS 400 and 199th Absorbance Values for (a) Control, Tip, and Passenger CB and
(b) Passenger Silica, Truck NR, and Truck SBR.
Here it can be seen that the values for absorbance fluctuate largely each week and show
no real general trend besides a small peak on the third week for KS 96 and W. The peak for KS
400 and 199th occurred on the fourth week, which was different from the other samples. This
peak occurring at different points is likely since absorbance is an indirect indication of biological
activity. This is because absorbance is tracking how much light can get through the sample,
meaning that it could differ depending on how shaken up or settled the bacteria in the sample are.
20

The weekly fluctuations each week could be caused by small numbers of cells dying, regrowth,
presence of degradation, and the possible presence of intermediates in the solution. Melinda J.
Griffiths, a researcher studying the relationship between optical density and microalge biomass,
found that pigment cell changes could interfere with absorbance readings. Under the culture
conditions used, pigment content of the microalga, Chlorella vulgaris, varied between 0.5 and
5.5% of dry weight with age and culture conditions (Griffiths et al., 2011). This shows that even
the age (i.e., life cycle change) of the cell can cause a pigment change, which can cause a larger
absorbance to be read. All of these indicate that the bacteria in the samples are going through
systematic changes, reproducing, and can live off what was contained in each of the flasks, thus
being the cryogrind. Since absorbance is not an absolute indicator of biological activity further
studies such as a plate count and FTIR conducted to confirm or deny this theory that bacteria
were reproducing and living.
The next property that was analyzed was the conductivity. Like the absorbance property,
the conductivity fluctuated each week and did not show any general trend of decreasing, A good
example of the fluctuations can be seen in Figure 7 (a) and (b), the graphs for the changes in
conductivity for the KS 400 and 143rd samples.
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(a)

(b)

Figure 7 KS 400 and 143rd Conductivity Values for (a) Control, Tip, and Passenger CB and (b)
Passenger Silica, Truck NR, and Truck SBR.
As seen above, the conductivity fluctuates up and down and seems to have a peak on
week 5, before dropping to slightly lower than what the initial value was on week 1. This
fluctuating trend with a large jump on week 5 was followed closely by all samples. The week 5
peak was likely the result of conductivity meter error. Due to this, the data for conductivity is not
22

conclusive in indicating that degradation has taken place. To conclude that degradation had
occurred, a general trend of decreasing conductivity values would have needed to be observed.
The final property that was observed in this experiment was the pH of the samples. pH
derived very encouraging results when compared to the results of the conductivity and
absorbance. For all samples, the pH did indeed show a general trend of being reduced across the
six-week testing period. A decrease in pH could mean some form of degradation likely occurred.
A good example of the pH trends, that was followed relatively closely by all samples, can be
seen in Figure 8 (a) and (b), the pH graphs for KS 400 and 199th and all the cryogrind types.

(a)
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(b)

Figure 8 KS 400 and 199th pH Values for (a) Control, Tip, and Passenger CB and (b) Passenger
Silica, Truck NR, and Truck SBR.
As seen above, the pH values for all samples trended towards decreasing consistently
across every week. Week 1 is missing a pH value due to replacement probe being backordered.
However, even besides the smaller amount of data, a clear trend can be seen across the weeks for
pH. Since this trend was also followed closely by all other samples, it can be concluded that
some degradation of cryogrind has occurred. A research paper conducted by Cemali et al. (2020)
stated that a decrease in pH was expected with the degradation of the PPF/VPA and PPF/VPES
copolymers. The researchers also indicated that the rate of pH decrease can be used to measure
biodegradation rate (Cemali et al., 2020). This shows that a consistent decrease in pH is a good
indicator that degradation occurred. The plate count will be used to corroborate the results that
the pH decrease is an indication of degradation.
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Plate Count Results
Every single plate showed some growth over all dilution intervals. A good example of the
type of growth that was observed on every plate count sample can be seen in the passenger
Carbon black samples from KS 96 and W, Figure 9 (a), (b), (c), and (d) seen below:
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(a)

(b)
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(c)

(d)

Figure 9 KS 96 and W Plate Counts for (a) 0 Dilutions, (b) 1 Dilutions, (c) 3 Dilutions, and (d) 5
Dilutions.
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As can be seen from the figures above and table below, substantial growth took place in
all plate cultures. Table 1 provides the CFU/mL values for all samples for each dilution as well
as the average and standard deviation of each sample.
Table 1 CFU/mL Values for All Samples and Dilutions with Average and Standard Deviation
Calculated from the 0, 1, and 3 Dilutions.
0 (CFU/mL) 1 (CFU/mL)
KS 96 and W
Control
KS 96 and W
TIP
KS 96 and W P
CB
KS 96 and W P
Silica
KS 96 and W
Truck NR
KS 96 and W
Truck SBR
KS 400 and 143
Control
KS 400 and 143
TIP
KS 400 and 143
P CB
KS 400 and 143
P Silica
KS 400 and 143
Truck NR
KS 400 and 143
Truck SBR
KS 400 and 199
Control
KS 400 and 199
TIP

3
5
(CFU/mL) (CFU/mL)

Avg std dev

2800

8000

48000

5000000

19600±20193

1400

12000

124000

2600000

45800±55464

3200

37600

450000

6400000

163600±203001

2900

28000

170000

3200000

66966.67±73572

500

4600

24000

700000

9700±10249

3000

16000

120000

200000

46333.33±52359

3100

26000

360000

7000000

129700±163114

2200

15000

80000

1400000

32400±34061

3200

32000

68000

3000000

34400±26508

2500

18000

56000

2400000

25500±22475

3800

29000

120000

1200000

50933.33±49909

1200

6000

24000

600000

10400±9814

800

5000

20000

100000

8600±8241

500

1600

28000

600000

10033.33±12712
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KS 400 and 199
P CB
KS 400 and 199
P Silica
KS 400 and 199
Truck NR
KS 400 and 199
Truck SBR

3400

31000

90000

600000

41466.67±36120

1500

12000

60000

1200000

24500±25465

3500

8000

124000

0

45166.67±55773

2400

8400

300000

1600000

103600±138897

In the first plate for passenger Carbon black from KS 96 and W, there were an astounding
number of bacteria colonies. The first plate corresponded to the zero dilution, which meant that
the plate was smeared with a drop of the bacteria solution straight from the sample itself. This
gave a very large number of bacteria colonies, roughly 3,200 colonies which converts to 3,200
CFU/mL were estimated to have grown using the dot counting technique. Part (b) depicts the
first dilution, meaning the sample from the 0 solution was diluted down 1 time, which resulted in
there being about 1,880 colonies which converts to 37,600 CFU/mL. The decreased amount
counted is to be expected since the mixture is being diluted and the number of pure bacteria will
be decreasing. The increased CFU/mL value is also expected because it means a larger number
of bacteria were present when compared to the amount of diluted solution used. Part (c) depicts
the third dilution, meaning two more dilution rounds were conducted before plating the bacteria
in this part. Part (c) resulted in there being about 225 colonies which converts to 450,000
CFU/mL, which again follows the trend. Finally, part (d) represents the fifth dilution, two more
dilution procedures were conducted from the third dilution before plating was conducted. Here, a
total of 32 colonies were counted which converts to 6,400,000 CFU/mL. This data proves that
the bacteria was able to survive over the weeks in the cryogrind solution mixtures. This can be
proven because all plates from all samples showed some sort of bacteria colony growth, which
would not have taken place if no bacteria had survived on the cryogrind carbon source. Table 1
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shows the CFU/mL values for every single sample. The standard deviation and average were
calculated using only the 0, 1, and 3 serial dilution values. This was done due to the
inconsistencies in the 5 serial dilution values. Overall, the samples all showed very similar trends
in the way that the colonies multiplied and the way the CFU/mL became larger over the course
of the serial dilutions. This is solid proof that there were indeed bacteria still alive in the sample,
and that the bacteria in that sample were healthy enough to be able to multiply. Due to the
positive results from the plate counts, a further FTIR test will be conducted on the drained and
dried cryogrind to determine how much the cryogrind particles were able to be degraded.
Overall, the plate counts showing substantial growth amongst all samples was a very good sign
and should allow positive results to be seen from the FTIR tests.

FTIR Test Results
The FTIR analysis was run on all 18 samples by fellow researcher, Jomin Thomas. After
running the analysis, he determined that degradation had occurred in at least 5 of the 18 samples.
The 5 samples included KS 96 and West passenger Carbon black, KS 96 and West passenger
silica, KS 96 and West truck tire natural rubber, KS 400 and 143rd truck tire natural rubber, and
KS 400 and 199th truck tire natural rubber. This conclusion came by comparing the baseline
FTIR graphs, that were run on all the rubber samples before the experiment, with the FTIR
graphs that were based on the rubber samples after the experiment. These FTIR graphs can be
seen below. Figure 10 shows the baseline, before the experiment, FTIR graphs for (a) passenger
Carbon black, (b) passenger car silica, (c) truck tire NR, and (d) truck tire SBR. Figure 11 shows
the FTIR graphs after the experiment for (a) KS 96 and West passenger Carbon black, (b) KS 96
and West passenger silica, and (c) KS 400 and 199th truck tire NR.
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Figure 11 FTIR graphs (after experiment) for (a) KS 96 and West passenger Carbon black, (b)
KS 96 and West passenger silica, and (c) KS 400 and 199th truck tire NR.
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These graphs help easily compare the similarities and differences between the FTIR
analyses for these samples. To understand what these graphs mean, an online database for
Infrared and NMR spectroscopy tables was used and is referenced below as well (Beauchamp,
2022). The main difference that needs to be identified is if there are any new peaks at any point
along the wave number axis from the baseline to the graphs after the experiments. The wave
numbers correspond to various types of bonds among the atoms and compounds in the rubber. If
the graphs were the same, no bonds were broken or weakened, meaning that no degradation had
occurred. However, if there were new peaks, or higher peaks where existing ones were, then that
is an absolute sign that some type of degradation occurred. In, Figure 11 for KS 96 and West
passenger Carbon black, there are new peaks around the 1710 and 1630 locations. These
locations correspond to carboxylic acid peaks and saturated amides, respectively. This means
that, at these locations, the bonds of those atoms were being broken apart, or at least manipulated
by the bacteria. For KS 96 and West passenger silica, there were new peaks at the 1710 location.
This again indicates that there was manipulation of the carboxylic acid peaks at this location.
Finally, for KS 400 and 199th truck tire NR, there was a disappearance of a peak at the 1050
location as well as a new peak at the 1630 location. The 1050 location corresponds to the
disappearance of double bonds in elastomers, which can be a major sign of degradation. Finally,
the 1630 peak is evidence of bending in a N-H bond. The PC-Si cryogrind contains 0.9 part n,ndiphenulguanadine, 0.4 part 6PPD, and 0.4 part 1,2 dihydro-2,2,4-trimethylquinoline. All of
which could have contributed the N-H bending in the FTIR spectra. With this direct data, it can
be concluded that degradation, or at the very least the start of degradation, occurred within at
least 5 samples of the study, meaning that bioremediation of roadside rubber particles is possible
if under special conditions.
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CONCLUSION
This experiment evaluated the possibility of using bioremediation to degrade rubber
particles from tires off roadsides. Soil from three locations of roadsides in Kansas were brought
in and a soil characterization was conducted to determine baseline values of the soils and look for
trends in the results. The soils were tested for pH and conductivity using both DI water and 0.01
M CaCl2 mixture. In general, the closer to the berm of the road the higher the pH and
conductivity of the soil samples. During the successive weekly transfers of the biodegradation
experiment, pH, conductivity, and optical density were measured to track changes and trends in
the data. pH values tended to trend downwards over the weeks, indicating that changes were
occurring in the flasks. MPN results confirmed that all flasks contained ample live cultures.
Further studies will need to be done to replicate and confirm these findings, however, these
initial results show high promise in the ability to bioremediate rubber cryogrind. FTIR
documented evidence of degradation (i.e, disappearance of peak present baseline or generation of
a new peak). Further research and experimentation building upon what was found in this study
would undoubtedly lead to exciting new findings and possibilities with this remediation
technique.

RECOMMENDATIONS
There were several items that could have been conducted differently to increase the
success of this study. The first major item is that there should have been triplicate samples
measured each week for the six-week period of transfers. Measuring the samples in triplicates
would have allowed for an average to be taken of the samples, making the data more accurate,
and would have decreased the chance of outlier data points in the values. Measuring in triplicates
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would have made the data more reliable and helped it to be a better backing material for the
results. Another item that could have been improved was waiting to start the experiment until the
pH probe was fixed. that way multiple probes did not have to be used each week, possibly
adding in more experimental error than what was truly needed. One last recommendation for
future research would be to ensure that all transfers are thorough, accurate, and clean throughout
the weeks. Sometimes bits of rubber would be picked up in the pipette, possibly causing crosscontamination to other samples. This could have been avoided if more time was set aside to
washing or using new pipets between each sample transfer, allowing no chance for
contamination to occur.

ACKNOWLEDGEMENTS

The conductors of the experiment would like to thank CenTire Project for providing the
funding for these studies and experiments. The project number related to this experiment is
SUST-2019-D6 Assessment of the biotic and abiotic (chemical and environmental weathering)
degradation on the fate of tire and road ware particles in soil. The findings produced in this study
would not have been possible without the support and funding from CenTire.

WHAT WAS LEARNED

Besides the results that have been shown above, many very important skills were learned
during the conduction of this project and experiment. For example, one new skill I learned was
how to conduct serial dilutions in a proper and clean manner to ensure that no plates were
contaminated. I had never done anything like mixing the agar solution, sanitizing it, and then
35

pouring it into the plates. Along with that, smearing the bacteria and conducting the serial
dilutions was all new information to me that I had never had to do before. I also learned how to
properly count and convert colonies on plates to get values that could be represented in a report. I
was also able to learn important time management skills to make sure that the bacteria were
transferred each week and that every part of the experiment was done in a timely manner. Along
with this I learned how to work effectively with a partner in lab, ensuring that we were not
stepping on each other’s toes making sure that I was able to be helpful and productive when and
where I should be. One final thing I learned was that I realized how much time, money and
energy goes into research projects. I never would have been aware of how important hardworking researchers are if I was never able to participate in this study.

36

REFERENCES
Akdogan, Zeynep, and Basak Guven. “Microplastics in the Environment: A Critical Review of Current
Understanding and Identification of Future Research Needs.” Environmental Pollution, vol. 254, 5 Aug.
2019, p. 113011., doi:10.1016/j.envpol.2019.113011.
Baensch-Baltruschat, Beate, Kocher, Birgit, Kochleus, Christian, Stock, Friederike, Reifferscheid, Georg. “Tyre
and Road Wear Particles - a Calculation of Generation, Transport and Release to Water and Soil with
Special Regard to German Roads.” Science of The Total Environment, vol. 752, 24 Aug. 2021, p.
141939., doi:10.1016/j.scitotenv.2020.141939.
Baensch-Baltruschat, Beate, Kocher, Birgit, Stock, Friederike, Reifferscheid, Georg. “Tyre and Road Wear
Particles (TRWP) - a Review of Generation, Properties, Emissions, Human Health Risk, Ecotoxicity,
and Fate in the Environment.” Science of The Total Environment, vol. 733, 10 Mar. 2020, p. 137823.,
doi:10.1016/j.scitotenv.2020.137823.
Cemali, Görkem, Aruh, Avram, Kose, Torun, Gamze, Can, Erde. “Biodegradable Polymeric Networks of
Poly(Propylene Fumarate) and Phosphonic Acid‐Based Monomers.” Polymer International, vol. 69, no.
12, 2020, pp. 1283–1296., https://doi.org/10.1002/pi.6077.
Fu, Karen, Pack, W., Daniel, Klibanov, M., Alexander, Langer, Rboert. “Visual Evidence of Acidic
Environment within Degrading Poly(Lactic-Co-Glycolic Acid) (PLGA) Microspheres.” Pharmaceutical
Research, U.S. National Library of Medicine, https://pubmed.ncbi.nlm.nih.gov/10714616/.

37

Griffiths, Melinda J, Garcin, Clive, van Hille, Robert, P., Harrison, Susan, T.L., “Interference by Pigment in the
Estimation of Microalgal Biomass Concentration by Optical Density.” Journal of Microbiological
Methods, vol. 85, no. 2, 2011, pp. 119–123., https://doi.org/10.1016/j.mimet.2011.02.005.

Infrared Tables (Short Summary of Common Absorption ... - CPP.
https://www.cpp.edu/~psbeauchamp/pdf/spec_ir_nmr_spectra_tables.pdf.

Luczak, K., Czerniawska-Kusza, Rosik-Dulewska, C., Kusza, G. Effect of NaCl road salt on the ionic
composition of soils and Aesculus hippocastanum L. foliage and leaf damage density. Nature:
Scientific Reports, 11:5309, 2021.

MnDOT (Minnesota Department of Transportation), Environmental impacts of road salt and other de-icing
chemicals, 2020,
https://stormwater.pca.state.mn.us/index.php/Environmental_impacts_of_road_salt_and_other_deicing_chemicals

Unice, K.M., Weeber, M.P., Abramson, M.M., Reid, R.C.D., van Gils, J.A.G., Markus, A.A., Vethaak, A.D.,
Panko, J.M. “Characterizing Export of Land-Based MICROPLASTICS to the Estuary - Part I:
Application of Integrated Geospatial Microplastic Transport Models to ASSESS Tire and Road Wear
Particles in the Seine Watershed.” Science of The Total Environment, vol. 646, 27 July 2019, pp. 1639–
1649., doi:10.1016/j.scitotenv.2018.07.368.

Wagner, Stephan, Huffer, Thorsten, Klockner, Philipp, Wehrhahn, Maren, Hofmann, Thilo, Reemtsma,
Thorsten. “Tire Wear Particles in the Aquatic Environment - a Review on Generation, Analysis,

38

Occurrence, Fate and Effects.” Water Research, vol. 139, 24 Mar. 2018, pp. 83–100.,
doi:10.1016/j.watres.2018.03.051.
APPENDIX
Soil Characterization Experiment:

Figure 12 pH Comparison of KS 96 and W for DI Water.
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Figure 13 pH Comparison of KS 96 and W for CaCl2.

Figure 14 pH Comparison of KS 400 and 143rd for DI Water.
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Figure 15 pH Comparison of KS 400 and 143rd for CaCl2.

Figure 16 pH Comparison of KS 400 and 199th for DI Water.
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Figure 17 pH Comparison of KS 400 and 199th for CaCl2.

42

Figure 18 Conductivity Comparison of KS 96 and W for DI Water.

Figure 19 Conductivity Comparison of KS 96 and W for CaCl2.
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Figure 20 Conductivity Comparison of KS 400 and 143rd for DI Water.

Figure 21 Conductivity Comparison of KS 400 and 143rd for CaCl2.
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Figure 22 Conductivity Comparison of KS 400 and 199th for DI Water.
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Figure 23 Conductivity Comparison of KS 400 and 199th for CaCl2.

Cryogrinds in Slurry Experiment:

Figure 24 KS 96 and W Absorbance Values for Control, Tip, and Passenger CB.
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Figure 25 KS 96 and W Absorbance Values for Passenger Silica, Truck NR, and Truck SBR.

Figure 26 KS 96 and W Conductivity Values for Control, Tip, and Passenger CB.
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Figure 27 KS 96 and W Conductivity Values for Passenger Silica, Truck NR, and Truck SBR.

Figure 28 KS 96 and W pH Values for Control, Tip, and Passenger CB.
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Figure 29 KS 96 and W pH Values for Passenger Silica, Truck NR, and Truck SBR.

Figure 30 KS 400 and 143rd Absorbance Values for Control, Tip, and Passenger CB.
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Figure 40 KS 400 and 143rd Absorbance Values for Passenger Silica, Truck NR, and Truck SBR.
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Figure 41 KS 400 and 143rd Conductivity Values for Control, Tip, and Passenger CB.

Figure 42 KS 400 and 143rd Conductivity Values for Passenger Silica, Truck NR, and Truck
SBR.
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Figure 43 KS 400 and 143rd pH Values for Control, Tip, and Passenger CB.

Figure 44 KS 400 and 143rd pH Values for Passenger Silica, Truck NR, and Truck SBR.
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Figure 45 KS 400 and 199th Absorbance Values for Control, Tip, and Passenger CB.

Figure 46 KS 400 and 199th Absorbance Values for Passenger Silica, Truck NR, and Truck SBR.
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Figure 47 KS 400 and 199th Conductivity Values for Control, Tip, and Passenger CB.

Figure 48 KS 400 and 199th Conductivity Values for Passenger Silica, Truck NR, and Truck
SBR.
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Figure 49 KS 400 and 199th pH Values for Control, Tip, and Passenger CB.

Figure 50 KS 400 and 199th pH Values for Passenger Silica, Truck NR, and Truck SBR.
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